Objective Switching from sulfonylureas to repaglinide in patients with type 2 diabetes improves glycemic control; however, the optimal dosage has not been fully evaluated. We designed to show that repaglinide was equivalent to sulfonylurea in Japanese patients with type 2 diabetes. We herein evaluated whether we could switch from sulfonylureas to repaglinide twice or thrice daily in Japanese adult patients who had been treated with anti-diabetic drugs, including sulfonylureas, and whose conditions were moderately well-controlled. Methods A total of 78 patients taking less than half the Japanese maximum dose of sulfonylurea were randomized into three groups: 26 in group A (switching from sulfonylureas to taking 0.25 or 0.5 mg of repaglinide just before breakfast and dinner twice daily), 27 in group B (switching from sulfonylureas to taking 0.25 or 0.5 mg of repaglinide just before meals thrice daily), and 25 in group C (continuing to take sulfonylurea). Blood samples were collected at 0, 1, 2, 3, and 4 months following the initiation of the maintenance period. Results The HbA1c and glycoalbumin levels did not significantly differ among the three groups after 4 months of treatment. Conclusion With the assumption that 1 mg of glimepiride is equivalent to 1.25 mg of glibenclamide or 40 mg of gliclazide, the administration of repaglinide (0.44 mg/meal) twice and thrice daily is similar to the efficacy of sulfonylurea (glimepiride 1.63-1.98 mg/day) after four months of treatment in Japanese patients with moderately well-controlled type 2 diabetes (HbA1c, 7-7.5%).
Introduction
A number of epidemiological studies have demonstrated that postprandial hyperglycemia is a risk factor for cardiovascular complications in patients with diabetes. An epidemiological study on cardiovascular complications in Japan demonstrated that the incidence of such complications was significantly higher in diabetic patients and individuals with impaired glucose tolerance (IGT) than in those with normal glucose tolerance (NGT); however, no significant difference was observed between subjects with impaired fasting glucose (IFG) and those with NGT (1). The therapeutic target for preventing the onset and progression of diabetic microangiopathy is an HbA1c level of <7% (2, 3) . The contribution of postprandial glucose is substantial for such HbA1c values, as Monnier et al. and our group both previously demonstrated that postprandial hyperglycemia was strongly correlated with the HbA1c level among patients with HbA1c levels of less than 7.3% and 8.4%, respectively (4, 5) . One of the characteristics of Japanese patients with type 2 diabetes is a decline in insulin secretion from an early stage (6) .
In this situation, glinides, for which the main therapeutic target is a reduction in postprandial hyperglycemia through the secretion of insulin, are considered to be effective for Japanese patients with well-or moderately well-controlled (HbA1c <7.5-8%) type 2 diabetes.
We recently reported that the administration of minimaldose repaglinide (0.25 mg) twice daily had a similar efficacy and safety to that of a thrice-daily administration regimen in Japanese patients with type 2 diabetes (7). Repaglinide (1-4 mg at mealtimes) has been shown to be an effective and safe treatment for patients with type 2 diabetes and is superior to glipizide (5-15 mg daily) in controlling HbA1c (8) . Repaglinide (1 mg/day) and glimepiride (1 mg/day) both improved glycemic control to a similar extent in patients with type 2 diabetes (9).
Switching from sulfonylureas to repaglinide in patients with type 2 diabetes improves glycemic control; however, the optimal dosage has not been fully evaluated (10) . Therefore, we examined whether we could switch from sulfonylureas to repaglinide twice or thrice daily in patients who had been treated with anti-diabetic drugs, including sulfonylureas, and whose conditions were moderately wellcontrolled.
Materials and Methods

Study subjects and protocol
This study was approved by the Institutional Ethics Review Committee of Yokohama City University, and written informed consent was obtained from all the participants. The trial was registered with the University Hospital Medical Information Network (UMIN) Clinical Trials Registry (UMIN 000009541). Japanese adult outpatients with type 2 diabetes who had been treated with sulfonylurea once or twice daily at a dose of less than half the Japanese maximum dose of sulfonylurea (less than 80 mg of gliclazide, 5 mg of glibenclamide, or 3 mg of glimepiride) for over 3 months at Yokohama City University Hospital and Nakajima Naika Clinic were enrolled. A total of 78 patients were recruited during the study registration period (from April 2012 to March 2014) and their data were analyzed in the exploratory study.
The primary endpoints were the changes in the HbA1c level, and the secondary endpoints were the changes in the glycoalbumin (GA) levels, the changes in the body mass index (BMI), and adverse events (particularly the frequency and degree of hypoglycemia). Patients with liver dysfunction and patients with severe diabetic complications (e.g., active proliferative diabetic retinopathy or severe diabetic nephropathy) were excluded from the study. If a doctor considered a patient to be at risk for hypoglycemia, if the repaglinide dose had been increased to more than 0.5 mg per meal (e.g., the maximum recommended dose is 1 mg per meal in Japan), or if the patient refused to provide informed consent, then the patient's participation in the study was terminated and the patient was treated with other appropriate drugs as soon as possible. Patients who experienced hypoglycemic or hypoglycemic-like symptoms were instructed to take glucose, to stop taking repaglinide, and to call and visit the hospital as soon as possible.
As shown in Fig. 1 , patients were randomized to three groups: group A was assigned to switch from sulfonylureas to 0.25 or 0.5 mg of repaglinide taken just before breakfast and dinner twice daily, group B was assigned to switch from sulfonylureas to 0.25 or 0.5 mg of repaglinide taken just before meals thrice daily, and group C was assigned to continue taking sulfonylureas. The optimal blood glucose levels in this study were set at a fasting level of <130 mg/dL and a 2-h postprandial glucose level of <180 mg/dL. The baseline characteristics, including age, sex, BMI, known duration of diabetes, HbA1c level, and GA level, were recorded immediately prior to the initiation of repaglinide therapy.
In group C, the doses of sulfonylurea were not changed throughout the study. In groups A and B, the dose of repaglinide was optimized over a 2-month titration period to reach the optimal dose (0.25 or 0.5 mg per meal).This titration period was followed by a 4-month maintenance period.
Blood samples were collected at 0, 1, 2, 3, and 4 months following the initiation of the maintenance period. Blood samples were obtained from the antecubital vein into fluoride tubes containing sodium citrate and ethylenediaminetetraacetic acid or heparin for the analysis of plasma glucose and HbA1c, and into plain siliconized tubes for the analysis of GA. Following collection, the samples that were used to analyze the GA levels were allowed to stand for -5 minutes at room temperature, then centrifuged at 4°C and 2,330 xg for 7 minutes. All the samples were analyzed at Hokenkagaku Institute Inc. (Yokohama, Japan) or in the clinical laboratory of Yokohama City University Hospital.
Statistical analyses
Data are expressed as the mean ± SD. All data were analyzed using the Statistical Analysis System (SAS ) software program, version 9.2 (SAS Institute, Cary, USA). Betweengroup differences in sex were estimated using the χ2 test. Between-and within-group changes in the HbA1c, GA, and BMI levels in patients who completed the trial were analyzed using a linear mixed model. A random intercept was used for each patient, including time, group, and interactions thereof as covariates, followed by the Bonferroni correction. A p value <0.05 was considered to be statistically significant.
Results
Patient profiles
A total of 78 Japanese adult patients with type 2 diabetes who were taking less than half of the Japanese maximum dose of sulfonylurea were randomized into three groups: 26 in group A, 27 in group B, and 25 in group C. In groups A and B, the patients were instructed to take repaglinide just All values are expressed as the mean ± SD. No significant differences were observed among the three groups. Group A was instructed to take repaglinide twice daily, group B was instructed to take it thrice daily and group C was assigned to continue same-dose sulfonylurea before enrollment.
before meals, while the patients in group C continued to take sulfonylurea. The baseline characteristics of the subjects (mean age, sex, BMI, known duration of diabetes, HbA1c, and GA levels) were not significantly different among the three groups (Table) . In group A (n=26), 6 patients (23%) had been treated with sulfonylurea alone, 12 patients had been treated with a regimen that included sulfonylurea and metformin (sulfonylurea and metformin, 2 patients; sulfonylurea and metformin plus a DPP-4 inhibitor, 3 patients; sulfonylurea and metformin plus an α-glucosidase inhibitor, 3 patients; sulfonylurea and metformin plus pioglitazone,1 patient; sulfonylurea and metformin plus a DPP-4 inhibitor and pioglitazone, 1 patient; sulfonylurea and metformin plus a DPP-4 inhibitor and an α-glucosidase inhibitor, 2 patients), and 8 patients had not been treated with metformin (sulfonylurea and a α-glucosidase inhibitor, 3 patients; sulfonylurea and pioglitazone, 2 patients; sulfonylurea and a DPP-4 inhibitor, 2 patients; sulfonylurea and a α-glucosidase inhibitor plus a DPP-4 inhibitor, 1 patient). In group B (n=27), 8 patients (30%) had been treated with sulfonylurea alone, 11 patients had been treated with a regimen including sulfonylurea and metformin (sulfonylurea and metformin, 2 patients; sulfonylurea and metformin plus a DPP-4 inhibitor, 2 patients; sulfonylurea and metformin plus an α-glucosidase inhibitor, 5 patients; sulfonylurea and metformin plus pioglitazone, 1 patient; sulfonylurea and metformin plus a DPP-4 inhibitor and pioglitazone: 1 patient), and 8 patients had not been treated with metformin (sulfonylurea and pioglitazone,1 patient; sulfonylurea and a DPP-4 inhibitor, 4 patients; sulfon- HbA1c (%)
Group A Group B Group C Months ylurea and pioglitazone plus an α-glucosidase inhibitor, 2 patients; sulfonylurea and pioglitazone plus a DPP-4 inhibitor, 1 patient). In group C (n=25), 10 patients (40%) had been treated with sulfonylurea alone, 5 patients had been treated with a regimen including sulfonylurea and metformin (sulfonylurea and metformin, 1 patient; sulfonylurea and metformin plus a DPP-4 inhibitor, 3 patients; sulfonylurea and metformin plus a DPP-4 inhibitor and an α-glucosidase inhibitor, 1 patient), and 10 patients had not been treated with metformin (sulfonylurea and a DPP-4 inhibitor, 8 patients; sulfonylurea and DPP-4 inhibitor plus an α-glucosidase inhibitor, 2 patients).
In group A, 6 patients had taken 0.25 mg of repaglinide per meal and 20 patients had taken 0.5 mg of repaglinide per meal. In group B, 6 patients had taken 0.25 mg of repaglinide per meal and 21 patients had taken 0.5 mg of repaglinide per meal.
In group A, 4 patients (15%) dropped out for the following reasons: change in treatment from repaglinide to sitagliptin (50 mg) due to a remarkable HbA1c decrease and the prevention of hypoglycemia (n=1), change in treatment from repaglinide to sulfonylurea due to an increase in the blood glucose and HbA1c levels (n=1), change in treatment from repaglinide to sulfonylurea by patient request (n=1), and failure to visit the hospital (n=1). In group B, 3 patients (11%) dropped out for the following reasons: stopped taking sitagliptin, which was being taken with repaglinide, due to a hypoglycemic episode (n=1), stopped taking repaglinide at lunch to prevent future hypoglycemia due to a remarkable HbA1c decrease (n=1), and change in treatment from repaglinide to sulfonylurea due to increasing blood glucose and HbA1c levels (n=1). In group C, all the patients completed the observation period (Fig. 1) .
As previously reported (11), the average daily sulfonylureas doses were expressed as the dose of glimepiride calculated according to the following formula: 1 mg of glimepiride=1.25 mg of glibenclamide=40 mg of gliclazide. The average daily doses of glimepiride were 1.98 0.96 mg in group A, 1.63 0.88 mg in group B, and 1.84 1.52 mg in group C. The final repaglinide dose was 0.44 mg per meal in both groups A and B; in other words, the final daily repaglinide dose was 0.88 0.21 mg per day in group A and 1.33 0.31 mg per day in group B.
HbA1c, GA and BMI
In all groups, the mean HbA1c levels were not significantly changed at 1, 2, 3 or 4 months compared with the baseline level. No statistically significant differences in HbA1c were observed among the three groups at any time point (Fig. 2) . In group A, the mean GA levels were not significantly changed at 1, 2, 3, or 4 months compared with the baseline level. In group B, the mean GA level was not significantly changed at 1, 2, or 3 months; however, it was significantly lower at 4 months compared with the baseline level. In group C, the mean GA level was not significantly changed at 1, 2, or 3 months, but was significantly increased at 4 months compared with the baseline level (Fig. 3) .
No statistically significant differences in the BMI were observed in groups B and C at any time point during the 4-month period compared with the baseline values. In contrast, in group A, although the BMI was not significantly changed at 1, 2, or 3 months, it was slightly, but significantly de- (Fig. 4) .
Adverse events
One incident of mild hypoglycemia occurred in a patient in group B who was taking 0.5 mg of repaglinide per meal thrice daily. During the present study, no severe hypoglycemic episodes occurred in any of the groups. No other adverse events were observed in any of the groups.
Discussion
We herein investigated the efficacy of switching from sulfonylureas to repaglinide twice or thrice daily in Japanese patients with type 2 diabetes who had been taking oral antidiabetic drugs, including sulfonylureas, and whose conditions were moderately well-controlled (HbA1c, 7-7.5%). The most important finding in the present study was that the HbA1c and GA levels did not differ significantly among the three groups for 4 months after the treatment. Our results suggest the feasibility of switching from 1.98 mg of glimepiride daily to 0.88 mg of repaglinide daily in group A, as well as the feasibility of switching from 1.63 mg of glimepiride daily to 1.33 mg of repaglinide daily in group B.
A European epidemiological study (DECODE: Diabetes Epidemiology: Collaborative analysis Of Diagnostic criteria in Europe) has also indicated that postprandial hyperglycemia is a risk factor for cardiovascular complications (12) . Repaglinide demonstrated a greater beneficial effect on cardiovascular risk factors than glimepiride according to a meal-test study (13) . Repaglinide may decrease the risk of cardiovascular disease in type 2 diabetes by minimizing glucose fluctuations, thereby reducing inflammation and oxidative stress (14) . The GA level in group B was significantly lower and that in group C was significantly higher at 4 months than at baseline. As the GA indicates the state of postprandial hyperglycemia, compared with HbA1c (15) (16) (17) , the switch from sulfonylureas to repaglinide may be beneficial for patients even if the same HbA1c level is maintained in moderately well-controlled patients (HbA1c, 7-7.5%). Repaglinide has a longer availability than nateglinide (18) , therefore, HbA1c and GA may be similar in groups A and B, despite the dose difference in repaglinide administration, as previously reported (7).
Pharmacotherapy-naïve patients treated with sulfonylurea (glyburide) tended to gain more weight than those treated with repaglinide (19) . As shown in Fig. 4 , the BMI level in group A was not significantly changed at 1, 2, or 3 months, but was slightly decreased at 4 months compared with the baseline level. This result may suggest a potential beneficial effect of repaglinide on the BMI.
Only one incident of mild hypoglycemia occurred in a patient in group B in the present study. One of the advantages of using glinides is that the frequency of hypoglycemia is reportedly lower than that with sulfonylureas (20, 21) . Therefore, repaglinide might be an appropriate oral antidiabetic drug, especially for Japanese patients with well-and moderately well-controlled type 2 diabetes, for the prevention of prolonged hypoglycemia.
Guidance for patients regarding the mechanism of action and the importance of regular drug intake is considered to be important; however, good compliance can still be difficult to obtain, particularly among the elderly and patients with busy social lives. Medication nonadherence is prevalent among patients with diabetes and is associated with adverse clinical outcomes (22) . As Hirose et al. previously reported (23) , thrice daily daily medication may reinforce drug adherence because its frequency provides a reminder of the self-care activity. However, thrice daily medication generally deteriorates the adherence of medication (24) . As sulfonylureas are typically administered once daily, continuing sulfonylureas is better than changing to repaglinide therapy from the viewpoint of adherence. If sulfonylureas are administered twice daily, then switching to twice daily dosing of repaglinide could be considered, as we previously suggested (7). Medical expenses can affect drug adherence for the treatment of diabetes. In Japan, we can substitute specific original medicine with generic medicine for sulfonylureas; however, we cannot substitute specific original medicine with generic medicine for repaglinide. Therefore, from the viewpoint of medical expenses, sulfonylureas might be a better drug choice than repaglinide. Future investigations on changes in the quality of life (QOL) in groups A or B would be beneficial.
In a comparison of repaglinide and glibenclamide in the treatment of type 2 diabetic patients previously treated with sulphonylureas, 12% of patients dropped out of the study (10) . Therefore, the dropout rate in our study by switching the drug is similar to that of the previous report using repaglinide. Therefore, the doses of repaglinide and glimepiride obtained from this study should be referred to in order to decrease the dropout rate from switching sulphonylurea to repaglinide twice or thrice daily.
There are several limitations associated with the present study. The number of patients included in this study was relatively small, and the study period was short; therefore, larger-scale and longer-term studies may be needed to elucidate a more representative effect and to evaluate adherence and adverse effects, such as hypoglycemia and weight gain, in Japanese patients with type 2 diabetes. According to daily clinical practice, three kinds of sulfonylureas were used in this study. To evaluate the effect of switching from sulphonylurea to repaglinide twice or thrice daily more precisely, we would conduct future research after switching from sulphonylureas to glimepiride. As we did not count the residual medicine at 1, 2, 3 and 4 months, we would also like to confirm that patients took their changed medicine twice or thrice just before meal intake correctly in the future.
In conclusion, the administration of repaglinide (0.44 mg/ meal) twice and thrice daily is presumed to have an efficacy that is almost equal to that of sulfonylurea (glimepiride 1.63-1.98 mg/day) when evaluated after four months of treatment in Japanese patients with moderately wellcontrolled type 2 diabetes (HbA1c, 7-7.5%). 
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